The high risk of skin cancer after organ transplantation is a major clinical challenge and well documented, but reports on temporal trends in the risk of posttransplant cutaneous squamous cell carcinoma (SCC) are few and appear contradictory.
T he high risk of skin cancer after solid organ transplantation is a major clinical challenge and is well documented, [1] [2] [3] but it is unclear whether the risk has changed during the last decades. In a large and comprehensive study on cancer after organ transplantation in Sweden, the authors report no significant differences in the risk of posttransplant cutaneous squamous cell carcinoma (SCC) between patients who underwent transplantation in the 1980s, 1990s, and 2000s. 4 This is in contrast to a smaller Dutch study, primarily analyzing posttransplant SCC as a risk factor for developing noncutaneous cancer 5 and in contrast to the clinical experience of dermatologists at several transplantation centers, all reporting a decline in the incidence of SCC among transplant recipients (TRs) who underwent kidney transplantation in recent decades (Jan Nico Bouwes Bavinck, MD, PhD, Leiden University Medical Center, personal communication, February 3, 2017).
To challenge the notion of a stable increased risk of SCC after organ transplantation, we set out to study the risk of SCC, cutaneous melanoma, and cutaneous Kaposi sarcoma in the complete cohort of kidney, heart, lung, and liver TRs in Norway in the 1968-2012 period, with a special emphasis on temporal trends, taking advantage of a high-quality national cancer registry to identify organ TRs (OTRs) with skin cancer.
Methods
All organ transplantations in Norway (population in 2016, 5.2 million) are performed at Oslo University Hospital (formerly known as Rikshospitalet). All patients who received their first kidney (from 1968), heart (from 1983), lung (from 1986), or liver (from 1984) up to December 31, 2012 (n = 8278) were included. Patients with both kidney and pancreas transplants were categorized as kidney TRs, and patients with both lung and heart transplants as lung TRs. We excluded patients who died or emigrated within the first 30 days after transplantation (n = 211) and patients with previous skin cancer or registered skin cancer within 30 days after transplantation (n = 41), yielding a study cohort of 8026 OTRs.
Maintenance immunosuppressive therapy was given according to organ-specific treatment protocols that were revised at certain time points during the study period, in line with international guidelines and practice in most countries, including Sweden:
• All kidney TRs who underwent transplantation before 1983 were treated with dual immunosuppression with azathioprine and prednisolone.
• From January 1983, de novo OTRs were treated with cyclosporin-based immunosuppression, most of them with triple immunosuppression, ie, cyclosporin, azathioprine, and prednisolone. Heart TRs and especially lung TRs were generally given higher doses of cyclosporin than kidney TRs. In the 1990s, cyclosporin oral emulsion and treatment monitoring based on blood cyclosporin concentrations were introduced. • In the 1990s, azathioprine was increasingly replaced by mycophenolate mofetil in most OTRs and cyclosporin with tacrolimus in some OTRs. Most liver TRs were treated with tacrolimus and with lower doses than in kidney and heart TRs.
• Sirolimus and everolimus, both mTOR (mechanistic target of rapamycin) inhibitors, were included in some treatment protocols in the early 2000s, with cyclosporin being either discontinued or reduced in dose, but used only in a limited number of patients. Data on individual treatment, including induction and rejection therapy and the use of photosensitizing drugs, were not available.
Data on OTRs were retrieved from the hospital's transplantation registries. Those OTRs diagnosed with at least 1 SCC, melanoma, or Kaposi sarcoma after their transplantation were identified by linkage to the Cancer Registry of Norway. Since 1952, this registry has received compulsory information on all cancer patients in the Norwegian population, based on clinical records, pathology reports, and death certificates. Completeness and quality of this registry have been found to be very good. 6 Each cancer type was analyzed separately. Patients were followed from date of first transplantation and censored at the date of first cancer diagnosis, death, emigration, or end of study, ie, December 31, 2013, whichever occurred first. Basal cell carcinoma was not included, as registration of this cancer type is not compulsory in Norway. The study was approved by the Regional Committee for Ethics in Medical and Healthcare Research (Reference: 2012/ 1154/REK) and performed in accordance with the Declaration of Helsinki, including participant written informed consent.
Statistical Analysis
Cumulative hazards of SCC, calculated for various subgroups according to type of graft organ and time period of transplantation (1968-1982, 1983-1992, 1993-2002, and 2003-2012) , are presented for descriptive purposes. Hazard ratios with 95% confidence intervals (CI) were estimated to compare the risk of SCC over 5-year time periods of transplantation, adjusting for type of graft organ, sex, and age at transplantation (<30, 30-39, 40-49, 50-59, and ≥60 years), using a Cox proportional hazard regression model with time since transplantation as time scale. This model implicitly adjusts for follow-up time.
Key Points
Question Is the high risk of cutaneous squamous cell carcinoma (SCC) after organ transplantation declining?
Findings In this population-based cohort study, adjusting for age, follow-up time, and background population risk, we found that the risk of SCC in kidney, heart, lung, and liver transplant recipients in Norway from 1968 through 2012 peaked in patients who underwent transplantation from 1983 through 1987 and declined in those who underwent transplantation in 1993 and later, reaching less than half of what the risk was from 1983 through 1987.
Meaning Less aggressive and more individualized immunosuppressive treatment may explain the decline in the risk of posttransplant SCC. Close medical and dermatological follow-up of transplant recipients remains essential.
To estimate the relative risk of skin cancer in OTRs compared with the general population, the standardized incidence ratio (SIR) was calculated as the ratio between the observed number of cases in OTRs and the expected numbers based on the incidence in the general population stratified by age, sex, and calendar year. Exact Poisson 95% CIs for SIRs were calculated. 7 The SIRs for SCC were calculated for subgroups according to type of graft organ, sex, age at transplantation, 5-year time period of transplantation, and follow-up time after transplantation.
To depict temporal trends in relative risk of SCC in OTRs vs the general population, we estimated unadjusted SIR ratios and adjusted SIR ratios, using Poisson regression with expected number of cases as offset. 8 The covariates were defined as in the Cox regression model with addition of a variable for follow-up time since transplantation categorized into 5-year periods, with a last category for 20 years or longer of followup. For both models, a test for linear trend was performed, restricted to the reference time period 1983 through 1987 or later, treating time period as a continuous variable and testing the null hypothesis that the regression coefficient was equal to 0. The statistical software package Stata 14 (StataCorp LLC) was used for all analyses.
Results
The cohort included 8026 OTRs with a total follow-up time of 69 590 person-years. Demographic and clinical characteristics are detailed in Table 1 . A total of 8026 patients were evaluated; SCC indicates squamous cell carcinoma.
Research Original Investigation Long-term Change in the Risk of Skin Cancer After Organ Transplantation
Following organ transplantation, 831 OTRs developed at least 1 SCC. Cumulative hazards for SCC up to 15 years after transplantation in patients who underwent transplantation in 4 different time periods are shown in the Figure. After the 1968-1982 period, the cumulative hazards for SCC increased sharply in patients who underwent transplantation in the 1983-1992 period, reaching 23% in kidney TRs and 61% in heart TRs. Despite a higher mean age at transplantation, cumulative hazards declined in patients who underwent transplantation in the 1993-2002 period, reaching 19% in kidney TRs and 35% in heart TRs. In patients who underwent transplantation in 2003 or later, cumulative hazards were even lower. A similar decline in cumulative hazards was seen in both lung TRs and liver TRs.
To adjust for confounding factors, a multivariable Cox regression analysis was performed, showing both graft organ, sex, age at transplantation, and 5-year time period of transplantation to be independent risk factors for SCC ( Table 2) . Compared with those who underwent transplantation in the 1983-1987 period, the risk declined in patients who underwent transplantation in the next 2 decades (all supporting data reported in Table 2 ; P for trend <.001).
The overall SIR for SCC in all OTRs was 51.9 (95% CI, 48.4-55.5). The unadjusted SIR for SCC declined in the pre-1983 period, increased from 1983 and then declined after the 1988-1993 period (Table 3) . Also, the unadjusted SIR varied with age at transplantation, sex, and type of transplanted organ (Table 3) . Adjusting for these factors, follow-up time, and an increasing incidence of SCC in the background population, 9 we con- Table 3) . The overall SIR for melanoma, diagnosed in 72 OTRs, was 2.4 (95% CI, 1.9-3.0) with no significant difference in the risk for type of graft organ, sex, or age at transplantation. The overall SIR for Kaposi sarcoma, diagnosed in 11 OTRs, was 54.9 (95% CI, 27.4-98.2). In contrast to SCC and melanoma, almost all cases of Kaposi sarcoma, ie, 9 of 11 cases, occurred in the first 5 years after transplantation. The numbers of OTRs with melanoma and Kaposi sarcoma were too low to evaluate trends over time.
Discussion
Our main finding, a declining risk of SCC after organ transplantation during the last 2 decades, contradicts the estimates and interpretations in an earlier Swedish study. 4 In our study, the increase in the risk of SCC in kidney TRs from 1983 is likely caused by the inclusion of cyclosporin in the immunosuppression therapy protocol in early 1983, as reported previously by our group. 10 In the Swedish study, OTRs were stratified according to decade of transplantation (ie, 1970s, 1980s, 1990s, and 2000s The decline in the risk of posttransplant SCC in the last decades may be caused by several factors; the pathogenesis of these drugs could not have played a major role in the decline of the risk of SCC in our cohort because these drugs were introduced in the treatment protocols as late the early 2000s and were used in only a limited number of patients. An additional explanation for the decline in the risk of posttransplant SCC may be improved dermatologic follow-up. More eradication of premalignant skin lesions by dermatologists may have prevented such lesions from developing into SCC in more patients, 22 although we have no data on the frequency of dermatological follow-up, and no national guidelines for skin cancer screening in OTRs have been published. An increased awareness among OTRs on the risk of skin cancer and the need for better sun protection may also be important, a notion that Abbreviations: SCC, squamous cell carcinoma; SIR, standardized incidence ratio. a More than 95% of the patients were white; study analyses accounted for the background population risk (unadjusted SIR, unadjusted SIR ratio, and adjusted SIR ratio) using a multivariable Poisson regression, with expected number of cases of SCC as offset.
is supported by several studies. [23] [24] [25] [26] [27] [28] With improved patient survival after organ transplantation, the declining risk of SCC cannot be explained by competing risk of death. Epidemiological studies on posttransplant skin cancer, including the present study, are often based on data on first SCC in individual patients because this is the most accurate and consistent measurement for SCC incidence. The overall SIR for SCC in OTRs in our study is comparable with SIRs found in other Northern European studies (Table 4) .
4,10,11,29-37 When additional primary SCCs are included in the analyses, as done in some studies, SIRs are generally found to be higher, reflecting a high incidence of multiple SCCs in OTRs. Interestingly, the highest SIR ever reported for posttransplant SCC was found in kidney TRs followed up to 1989, 30 while lower SIRs are found in a study from the precyclosporin era 29 and in more recent studies (Table 4) . We found significant differences in the risk for SCC between OTRs with different types of transplanted organs (Table 3) . These findings are consistent with other studies [1] [2] [3] [4] and may be explained by differences in type and dose of immunosuppressive drugs. Patients receiving a kidney and pancreas transplant simultaneously have a higher risk for SCC than kidney TRs, 38 but categorizing these groups separately did not change our estimates significantly (data not shown). The high SIR for SCC in young patients reflects a very low incidence of SCC in young persons in the general population, similar to the low SIR for SCC in older OTRs reflecting a high incidence of SCC in older persons. We found a statistically significant increased risk of cutaneous melanoma after organ transplantation, confirming our study in kidney and heart TRs from 1999.
10 Later studies found a similar 2-to 3-fold increased risk of melanoma in OTRs. 39 The risk of melanoma in OTRs is considerably lower than the risk of SCC. In contrast to SCC and melanoma, Kaposi sarcoma was mostly observed within the first 5 years after transplantation, yielding a high SIR. These differences reflect different risk factors, etiologic mechanisms, and carcinogenic pathways for the 3 tumor types. In Kaposi sarcoma, human herpesvirus 8 has been shown to play a causative role. 40, 41 Cumulative sun exposure causing DNA damage is considered to be the most important factor for the development of SCC, with a possible involvement of human papillomavirus still unclear. 2 In melanoma, carcinogenesis is linked to high, intermittent sun exposure and mechanisms less affected by immunosuppression and without virus being involved.
42
A major strength of our study is the use of a national c a n c e r r e g i s t r y w it h a v i r t u a l l y c o m p l e t e c a n c e r registration. 6 We believe that our cohort stratification, using 5-year time periods of transplantation, is more appropriate than the stratifications used in the Swedish and United Kingdom studies. 4,11 By separating patients who underwent transplantation before and including 1982 from those who underwent transplantation after the introduction of cyclosporin in January 1983, we were able to document a decline in the risk of SCC in kidney TRs who underwent transplantation in the pre-cyclosporin era, followed by a sharp increase from 1983. Patients who underwent transplantation in the later time periods had shorter follow-up time, but plots of the cumulative hazard by time after transplantation clearly indicate a decline in the risk of SCC up to 15 years after transplantation. This decline is further supported by a multivariable modeling adjusting for different follow-up time, age, and background population risk, as well as graft organ and sex. Another limitation is not having data on individual immunosuppressive therapy, including induction and rejection therapy. In contrast to most other countries, however, all organ transplantations in Norway are performed at a single transplantation center, contributing to consistent immunosuppressive regimens. All OTRs were given medication according to organ-specific protocols that were revised by the hospital's transplant physicians at certain time points. Also, the increased risk of skin cancer after organ transplantation has been found to be unrelated to the number of treatments for graft rejection. 43 We did not reevaluate any cancer diagnoses, thus avoiding a possible bias in systematically applying different diagnostic criteria for skin cancer in the study cohort than might have been applied in the background population: histopathologic criteria for some skin tumors may vary between pathologists and studies, particularly regarding keratoacanthoma-like lesions. 44 Data on specific ethnicity, skin type, and sun exposure habits were not available, but the vast majority of the OTRs (ie, >95%) were white. We did not exclude children, but all analyses were adjusted for age at transplantation. We did not exclude patients with retransplants because most of these patients at our center received continuous immunosuppressive therapy.
Conclusions
The decline in the risk of SCC after organ transplantation in recent decades has implications for our understanding of the relationship between SCC and immunosuppressive drugs and highlights the importance of less carcinogenic treatment. The risk of SCC in OTRs continues to be much higher than in the general population, and close medical and dermatological follow-up is therefore essential to reduce the high burden of skin cancer in this increasingly larger patient population. 
